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I. INTRODUCTION
The searches from ATLAS [1] , CMS [2] , and CDF [3] as well as D0 [4] established that there is a new particle around 125 ∼ 127 GeV whose decay pattern is consistent with the predicted Higgs boson of the standard model (SM). If this new particle is a fundamental Higgs boson, it is reasonable to ask whether it is the predicted light CP-even Higgs boson in the supersymmetric models. However, a Higgs boson of 125 GeV seems a bit heavy for the minimal supersymmetric standard model (MSSM). In the MSSM, the tree-level mass of the lighter CP-even Higgs boson should always be smaller than the mass of Z boson, while the loop effects of stop can lift the Higgs boson mass up to 130 GeV or so. In order to avoid a fine-tuning problem, natural supersymmetry (SUSY) requires that the third generation squarks are light [5, 6] .
Compared with the MSSM, a Higgs boson at 125 GeV can be realized more naturally next-to-minimal supersymmetric standard model (NMSSM) without confronting the severe fine-tuning problem, since it can have a much larger tree-level Higgs mass. This might be one of the reasons why the NMSSM is appealing except that it solves the notorious µ problem in the MSSM. In Ref. [7] , the authors studied the constrained NMSSM with all parameters defined at the grand unification scale. It is found that the tension of the constrained MSSM for a 125 GeV Higgs boson mass and a light SUSY mass spectrum can be relaxed in the NMSSM with more general parameters.
Another reason that may favor the NMSSM is the Higgs decay mode. The experimental data of the Higgs boson decay modes have shown a possible excess in the diphoton channel.
This may be a hint of new physics [8] [9] [10] . In Refs. [11, 12] , it is shown that the NMSSM can accommodate the 125 GeV Higgs and enhance the partial width of h → γγ by reducing the partial width of h → bb via the mixing effect. A comprehensive study considering light third generation sparticles in the NMSSM also found that the diphoton decay branching fraction can be enhanced [13] . Moreover, light charged sparticles such as stops, staus, charginos, and charged Higgs may also significantly contribute to the Higgs diphoton decay channel [14] .
More studies on diphoton enhancement in both the MSSM and NMSSM contexts can be found in [8, [15] [16] [17] [18] [19] [20] [21] [22] .
The LHC is extensively searching for SUSY particles in various channels. Up to now, the null result puts tension to many SUSY models. In Ref. [23] , it is found that the LHC sparticle search with 1 fb −1 at √ s = 7 TeV exacerbated the tension between the δ(g − 2)
SUSY µ anomaly and the branching fraction BR(B → X s γ) in the constrained minimal supersymmetric standard model (CMSSM). Of course, such conclusion is based on the assumed grand unified theory (GUT) relations among the soft breaking terms. When such relations are released as demonstrated in [24] , the conclusion can be relaxed. For the pMSSM with 19-dimensional parameter space, the current LHC search cannot put very restrict constraints on supersymmetry in general.
The LHC direct SUSY searches have set strong constraints on the masses of gluino and the first two generations of squarks in mSUGRA and some simplified models [25, 26] . Recently, there are many works on the detection of light third generation squarks and gluinos below 1 TeV. It is pointed out that if the stop is light, it can be hidden from the LHC searches and can avoid severe LHC constraints [6, [27] [28] [29] . Therefore the natural SUSY scenario is still alive. More studies [30] [31] [32] [33] [34] [35] [36] [37] are trying to improve the sensitivity of light stop searches.
For example, in [31, 32] , the authors considered the stop dileptonic final state and explored a few kinematic observables to distinguish signal and background. The authors of Ref.
[33] studied the top tagging technique for the stop search with semileptonic and dileptonic modes at the LHC. The hadronic top tagging technique has been examined in Ref. [34] .
Interesting multiple lepton and jet final states from the multiple top decays are investigated in [38] . Moreover, light sbottom searches are investigated in [39] [40] [41] . In particular, the sbottom-neutralino coannihilation scenario has been considered, and it was found that the LHC has a good sensitivity to the parameter space by using tagged a b-jet even for small mass splitting between the sbottom and neutralino.
Since in the NMSSM the light stop and sbottom can be natural for a 125 GeV Higgs boson [12, 13] , we perform a systematic study on the constraints on the light stop/sbottom scenario by using the LHC SUSY search results. The constraints from B physics measurements and dark matter (DM) detections as well as the Higgs boson mass on the NMSSM parameter space are first considered (for more studies on the constraints on the light stop/sbottom scenario, see [42] [43] [44] ). Then we study the constraints from various SUSY search channels at the LHC with √ s = 7 TeV and 2 ∼ 5 fb −1 of data, including the jets + MET channel, associated monojet channel, and lepton + jets + MET channel with and without tagged b jet(s). Since both stops and sbottoms can decay into b jets, it is expected that b tagging should play an important role to distinguish the signal and background. Our results confirm this point and find that the direct SUSY searches are powerful to exclude many parameter points with light stops and sbottoms up to 500 GeV.
The paper is organized as follows. In Sec. II, we briefly describe the NMSSM and our parameter scanning strategy. We will concentrate on the contribution of the light stop to the mass of the discovered 125 GeV Higgs boson and the constraints from dark matter searches on the neutralino sector. In Sec. III, we analyze the LHC bounds from both ATLAS and CMS on the signatures of the light stop pair and sbottom pair production. Section IV is the discussions and conclusions.
II. THE NMSSM
In the NMSSM a singlet superfield S is introduced to solve the so-called "µ problem".
The superpotential of NMSSM related to this singlet superfield S is given by [45, 46] :
where the dots denote the MSSM superpotential without the µ term. When the electroweak symmetry is broken, the effective µ term can be naturally generated via the vacuum expectation value of S filed (labeled as v S ), and can be written as µ ef f = λv S , which is expected to be of O(100) GeV (of the same size as the rest of the soft breaking terms). The soft breaking terms in the Higgs sector [45, 46] are extended as
Compared with the MSSM, the Higgs sector becomes richer and contains three CP-even
Higgs bosons, i.e., H 1 , H 2 , and H 3 , and two CP-odd Higgs bosons, i.e., A 1 and A 2 . Five new parameters λ, κ, A λ , A κ , and µ ef f are added compared with the MSSM.
A. The Parameter space
We use NMSSMTools [47] to perform a scan over the parameter space of the NMSSM.
To obtain more generic conclusions, we consider the parameters defined at the electroweak scale in our scan without assuming the unification of the NMSSM parameters at the GUT scale. We vary them in the ranges defined as follows: 10 −4 < κ < 0.5, 1 < tan β < 60, 50 < µ < 500GeV,
There are a few comments in order on the ranges of the NMSSM parameters.
• The large λ is helpful to raise the SM-like Higgs mass at tree level and to ameliorate the fine-tuning issue confronted by the MSSM. When λ tends to be zero, the singlet S will decouple from other Higgs fields. Under this limit, the phenomenology of the NMSSM may still be different from the MSSM due to the light singlet and singlino.
These particles could affect the features of DM. The decay modes of heavy sparticles produced at the colliders may also change and some new search strategies will be necessary. Therefore, we adopt two scan strategies which allow λ variations in the ranges of [10 −3 , 0.1] and [0.1, 0.8] with a logarithmic and flat distribution, respectively.
In the NMSSM, λ should be smaller than ∼ 0.7 when the theory is assumed to be perturbative up to the GUT scale. In this work, we focus on the parameters at the low energy scale and neglect such constraints. For the discussions of perturbation constraints in the NMSSM, see Ref. [13] .
• For the gluino and the first two generations of squarks, if their decay products are energetic jets and large MET can be reconstructed, the recent LHC results can put stringent limits on their masses in mSUGRA and phenomenological SUSY, e.g., M 3 ∼ mq 1,2 > 1.4TeV [25] . If the first two generations of squarks are very heavy, the SUSY flavor and CP problems can be solved [48] . For the gluino, the naturalness of Higgs mass requires that its mass should not be much larger than ∼ 1TeV [6] . The main decay mode of the gluino may beg → tt/bb. For simplicity, in this work we focus on the pair production of the third generation of squarks and leave this case for future study. Therefore we fix the soft breaking parameters M 3 = mq 1,2 = 1.5TeV. To reduce the number of free parameters, we also assume that the mass parameters of the third generation of right-handed squarks are the same, i.e. m D 3 = m U 3 .
• In our scan, we require the mass of the SM-like Higgs to be in the range of 125 ± 2GeV and the SM-like Higgs boson can be either H 1 or H 2 . Additionally, several phenomenology and astrophysics experimental limits are also considered. For flavor constraints, • In our analysis, the lightest neutralino is required to be the lightest supersymmetric particle (LSP) and a candidate of the DM. Considering that there may be several types of DM in our Universe, the LSP in the NMSSM is just one kind of DM, We only require that the thermal abundance of neutralino satisfies a 3σ upper limit Ω χ h 2 < 0.1288 with the correct DM relic density Ωh 2 = 0.112 ± 0.0056 reported by the WMAP [60] . Because this numerical scan is performed over a multidimensional parameter space, we use a Markov chain Monte Carlo (MCMC) method to increase the scan efficiency in our analysis. The total likelihood function L tot = Π i L i is evaluated by the likelihood functions based on the phenomenology and astrophysics experimental observables described above.
We define
for two-sided constraints and L i = 1/(1 + e x i −µ i σ ′ i ) for the upper limits [62] , where x i is the observable predicted by the model, µ i ± σ i is the central values and error bars of experimental observables, and σ ′ taken as σ ′ = 0.02µ i is the tolerance for the upper limit.
B. 125 GeV Higgs Boson
In the MSSM, the tree-level SM-like Higgs mass is smaller than M Z which is below the LEP limit m h < 114 GeV. However, it can be lifted by the loop corrections (say top-stop It is interesting to ask how light the stop can be after taking into account the 125 GeV Higgs boson in the NMSSM. To address such a question, below we show some scattering plots. In these plots, all the points have passed the constraints as described in Sec. II A.
In the left panel of Fig. 1 , we show the correlation in the mt 1 − X plane; the color bar shows the value of λ. It is observed that for the large λ ∼ 0.6 − 0.7, the stop mixing parameter |X| is allowed to be 1. When the light stop mass decreases, the stop mixing parameter will increase. If mt 1 is below 300 GeV, X should be larger than 3. This means there is a large mass splitting between two stop states. Because λ can efficiently raise the mass of the Higgs boson, it is easier to obtain a lightert 1 with a larger λ.
In the right panel of Fig. 1 , we show the correlations between mt 1 and λ; the color scale indicates tan β. We also see that there are many points with small mt 1 in the large λ regime.
As shown in Eq. (5), the Higgs mass depends on λ sin 2β; the values of tan β decrease at large λ. We can see tan β < 30 for λ > 0.3 and tan β < 10 for λ > 0.6. 
where X can denote either heavy fermions, W bosons, Z bosons, photons, or gluons. In the new physics model, both the production cross section and decay width of the Higgs are rescaled by C 2 h . The relevant Higgs partial widths would be determined by the ratio
For the γγ, W + W − , and ZZ channel, the recorded Higgs events are mainly from the gluon fusion gg → h process. If the decay channel of the 125 GeV Higgs is dominated by h → bb,
. For the bb channel, additional electrons or muons are required to suppress the huge QCD background; only the electroweak production channel→ hV is used to search for the Higgs signal. Therefore, the R hXX can be given by
In the NMSSM, the Higgs mass basis H 
In the SM, effective Higgs coupling to gluons C hgg is dominantly determined by the triangle top loop. In the SUSY model, the stop loop would also contribute to C hgg ; it can be written as
whereC hXX, A is the loop contribution from particle A to the effective Higgs coupling C hXX , and Ct is defined as Ct =C SU SY hgg,t /C SM hgg, t . Here, by using the NMSSMTools package, the higher order QCD corrections to the gluon fusion cross section have not been taken into account. These effects are important for calculating the SM Higgs production cross section [65] . The SUSY-QCD corrections from light stops can also modify the Higgs production cross section depending on the squark masses and mixing angle [66] [67] [68] [69] [70] [71] [72] . Since the Higgs production cross section including next-to-next-to leading order (NNLO) QCD corrections has been adopted by the experimental collaborations [1, 2] , it is also necessary to take into account such important corrections in the NMSSM. More detailed discussions and treatments can be found in Ref. [13] where the NNLO QCD corrections are included by using the package HIGLU [73] .
For the C hγγ , the main contributions arise from the W loop and top loop, which are related byC SM hγγ, W /C SM hγγ, t ∼ −8.3/1.8 in the SM. In the SUSY model, light charged particles [15] such as light charginos, charged Higgs, stops, sbottoms, and staus would provide additional contributions. We can also get C hγγ approximately
where we have used the relationsC To examine the question whether the NMSSM can accommodate the diphoton excess, we
show scattering plots to demonstrate the correlations between the effective couplings and R γγ . In the left/middle/right panel of Fig. 2 , we demonstrate the correlations between R γγ with C hbb /C hγγ /C hgg ; the blue/red points denote that the SM-like Higgs is H 1 /H 2 . We can see C hγγ and C hgg always vary in the range of ∼ 0.8 − 1.1, and R γγ is sensitive to C hbb . We also find R γγ is inversely proportional to R bb and R bb is larger than 1 for R γγ > 1.
These results can be understood in terms of the explanation given above. In the decou-
is the mass of the heavy CP-odd Higgs), the main component of the SM-like Higgs is H u due to S i2 ∼ sin β ∼ 1 for tan β ≫ 1. From Eq. (8), we can get C htt and C hW W . If the stop mass parameter √ mt 1 mt 2 is much larger than m t , the stop loop would not provide larger contributions to C hgg . Then C hgg ∼ 1 and C hγγ ∼ 1 can be obtained from Eqs. (9) and (10), respectively. Depending on the parameters in the Higgs sector, C hbb can be significantly reduced by the mixing effect. As we have mentioned, if the main SM-like Higgs decay mode is h → bb, and
. This relation explains the inversely proportional correlation between R γγ and C hbb for R γγ > 0.8, as shown in Fig. 2 . This is the case for the
If H 2 is SM-like, then the branching ratios of exotic decay modes might be significant, and the R γγ would be much suppressed even if the C hbb is still ∼ 1. For all the points, small R bb and large R γγ can be acquired by tuning the singlet-doublet mixing parameters. We also show the correlations between R γγ and R ZZ in Fig. 3 , the color bar indicates C hbb (R bb ) in the left (right) panel of Fig. 3 . From the left panel, we can also see that R bb is smaller than 1 for R γγ > 1. Moreover, the R γγ is always proportional to R V V due to the
hγγ and C γγ ∼ 1.28C V V − 0.28C tt + C SU SY . As we mentioned above, R hbb depends on C V V due to the production process. As C V V is almost ∼ 0.8 ∼ 1.1 shown in Fig. 2 , R hbb is mainly determined by BR(h → bb). For the large R γγ > 1, BR(h → bb) is suppressed due to small C hbb . We also find the R γγ can be smaller than 0.5 due to the significant Higgs exotic decays; both the R V V and R bb are suppressed in this case, too.
According to the analysis given by the CMS collaboration, the ratio of the couplings of Higgs to fermions is around 0.5±0.3. In the NMSSM, this suppression can be accommodated by the mixing between the singlet and doublet Higgs bosons, while keep the couplings to vector weak bosons close to one. In Fig. 3 , we also mark out two current global values of
CMS [2] and ATLAS [1] , respectively. For the light stau region, which may be helpful to ease this tension, we find the δ(g − 2) µ and flavor physics put stringent bounds to the stau mass and tan β in our scan. The parameter region providing the enhancement by the light chargino/charged Higgs boson to R γγ has not been reached since the parameter λ is confined to be less than 1 in our scan.
The light stop can affect the C hgg and C hγγ simultaneously. For small A t and stop mixing terms, the stop and top loop contributions interfere constructively. In this case, the Higgs coupling to gluons and the production cross section are enhanced. Since the top and W loop contributions interferer destructively, small A t would suppress the Higgs coupling to photons.
If C hgg is large enough, R γγ can still be enhanced. For large A t , the stop contribution can suppress the Higgs coupling to gluons and enhance the Higgs coupling to photons. In our MCMC scan, we have chosen starting points with large A t =1.5 TeV; thus, we do not get parameter points with enhanced C hgg . Another possible reason for the lack of points with enhanced C hgg is attributed to the omission of high order QCD corrections to the Higgs production cross section. Since our MCMC scan does not lead to points with significantly enhanced C hgg and C hγγ , there are no points with simultaneous enhancement of C hbb and R γγ in Fig. 2 . Detailed studies on the light stop effects to Higgs couplings can be found in Ref. [19, 22] .
It should be noticed that with the current experimental error bars and statistics, it is too early to conclude that the decay patterns of the Higgs boson have confirmed the existence of new physics. As pointed out in Ref. [74] , the large uncertainty in the parton distribution function can also affect these results. Future data and reduction in the uncertainty are needed to make sure whether the new physics has been indicated in the Higgs decay modes already.
C. Dark Matter Bounds
In this section, we will discuss the constraints from the DM detections. We assume the LSP and DM candidate is the lightest neutralino. Because the neutralinos have an additional singlino component in the NMSSM, the phenomenology of DM is different from that in the MSSM, especially because the LSP can be a pure singlino. In this case, the LSP can be lighter than 100 GeV and can easily escape the constraints from the invisible Z decay measurements due to its almost vanishing coupling to the Z boson. Below we will address the issue whether the singlino in the NMSSM can help ease the tension between the theories and the experiments. First, Let us examine the constraints from the dark matter relics density. As we know, the neutralino mass basisχ If the lightest neutralino is bino dominated, the annihilation cross section is often too small to produce the correct neutralino relic density. From the middle panel of Fig. 4 , we find that the Z resonance or Higgs resonance can enhance the annihilation cross section, and avoid the overproduction of neutralinos. We can also see that the correct DM relic density is easily acquired when the lightest neutralino is the bino-wino/Higgsino mixture.
If the lightest neutralino has sufficient Higgsino or wino content, the neutralino annihilation cross section can be large via t-channel chargino exchange to on the DM density square, and the actual neutralino density may be ξρ DM . In Fig. 5 , the upper limits derived from Fermi gamma-ray observations towards dwarf spheroidal galaxies are also shown [76] . These limits are combined by null results from ten dwarf galaxies, and only a few times above the "natural value" σv = 3 Thus the reduced annihilation cross section rescaled by ξ 2 can escape the constraints easily.
The gamma-ray limits become more stringent when DM mass decreases. However, for light neutralino mχ0 1 < 70 GeV with significant singlino content, the annihilation process via schannel Z or CP-even Higgs exchange is p wave which is much suppressed at the present universe. Therefore we can see these limits do not exclude many parameter points. 2 The more stringent limits can be derived by Fermi gamma-ray observations towards Galactic center because DM particles are more condensate in this regime. The main problem is how to precisely subtract the complicated astrophysical backgrounds. However, it is possible to 2 The σv is often estimated at v ∼ 10 −3 which is the typical DM velocity in the present Galactic halo. However, the velocities of DM particles in the dwarf galaxies are about an order of magnitude smaller. When the gamma-ray limits from dwarf galaxies are taken into account, this effect needs to be considered for the velocity dependent annihilation cross section [75] . This effect may enhance the cross section significantly when the main annihilation process is an s channel CP-odd Higgs exchange. The large enhancement often requires a very narrow Breit-Wigner resonance with tiny mass splitting parameter |1 − m improve the constraints to be below the "nature value" for O(10 2 ) GeV DM in the future.
Then we examine the constraints from the direct searches. We consider both spinindependent and spin-dependent cases. For the spin-independent constraints, we focus on the constraint from the XENON100, which is the most stringent bound for dark matter direct searches. For the spin-dependent constraints, we include bounds from the neutrino flux measurements. In Fig. 6 , we plot parameter points in the mχ0 
III. LHC SUSY SEARCH BOUNDS
A. The production and decay of the light stop/sbottom at the LHC In this section we study the SUSY search bounds on the light stop/sbottom pair signatures from the LHC. For our purpose below we make two additional requirements for the parameter points that passed all of the constraints in Sec. II. First, we require that the stop mass is lighter than 500 GeV in order to have a large enough production rate. Since we have assumed Implicitly, this condition also means that the branching ratios of the exotic Higgs decay modes should not be very large. Consequently, it also suggests that the lightest neutralino, CP-odd and CP-even Higgs cannot be very light. This feature will also affect the decays of other sparticles. After taking into account these two extra requirements, we choose 552 parameter points that survived all our criteria for our simulations. Below we study the constraints from direct SUSY searches at the LHC to these points. In the left panel of Fig. 8 , we show the cross section of stop pair production σtt at the LHC with √ s = 7 TeV. Here we use the package Prospino2 [83] to calculate σtt including the NLO corrections. Because the main production channel of stop pair at the LHC is gg →tt,
we can see σtt is uniquely determined by stop mass. For the stop with mass of mt ≤ 500
GeV, the σtt is larger than 45 fb, and there would be more than ∼ 200 stop pair events at the LHC with 5 fb −1 of data.
The masses of the stop and sbottom are shown in the right panel of Fig. 8 where the color scale indicates the lightest neutralino mass. We can see that the mass splitting between the stops and sbottoms is small due to our assumption m U 3 = m D 3 and the lighter stop and sbottom quarks are either dominantly left handed or right handed. It is supposed that this parameter configuration can easily pass the electroweak precision tests [13, 84] .
The stop decay pattern is dominantly determined by the mass splitting between the stop and light neutralinos/charginos. We use NMSDECAY [85] based on SDECAY [86] to calculate the decay branching ratios of the sparticles. If the stop is much heavier than the lightest neutralino and chargino, the main decay channels are two-body decayst → tχ
In Fig. 9 , we show the relations between the sparticle mass spectra and the branching ratios oft → tχ Table. VII). In this case, even the LSP is very light < 100GeV, and the decay modẽ t → tχ 0 1 may also be suppressed. These processes have longer decay chains thant → tχ 0 1 and produce softer final states. When the mass splitting is too small to forbid above twobody decays, the three-body decay channelst → bWχ Table. VII.
B. Constraints on stop/sbottom pair signatures
The general SUSY search bounds for squarks and gluino have been provided by ATLAS and CMS, corresponding to an integrated luminosity of 2 ∼ 5 fb −1 . In this subsection, we investigate the constraints on light stop pair and sbottom pair productions based on these results. In our studies, parton-level events pp →tt and pp →tt+jets are generated by MadGraph5 [90] . PYTHIA [91] is used to perform the parton shower, decay, final state radiation, and hadronization processes. The detector effects are simulated by PGS 4 [92] . To avoid the double-counting issue, we adopt the MLM matching scheme and choose Q cut = 80 GeV in our simulation. Jet candidates are reconstructed by using the anti-kt jet algorithm (which is infrared and collinear safe) with a distance parameter of 0.4/0.5 for the ATLAS/CMS searches. For the light squarks of the third generation, such signatures would be suppressed due to smaller production cross section and different decay modes. Because such analysis requires very hard jets and large MET, the events of stop pair with many soft jets can easily escape the constraints. Below we investigate how the m ef f and E / cuts as well as the associated 3 The basic selected conditions for jets and leptons are slightly changed in different searches. In general, these conditions are p t > 20 − 40 GeV, |η| < 2.5 − 3 for jets, p t > 10 − 25 GeV, |η| < 2.0 − 2.5 for electrons and muons. Moreover, the electron candidates in the barrel-endcap transition region, with 1.44 < η < 1.57, are rejected. Here we used the basic selections as adopted by ATLAS and CMS according to different research, and do not list them in the following discussions. monojet searches can affect our selected points. [25] .
The first constraint is from the jets plus missing energy searches. We list the cut conditions adopted by the ATLAS collaboration in Table. I [25] . This analysis is based on 4.7 fb −1 of data, and all the events with isolated electrons or muons are rejected. The azimuthal angle ∆φ( j i , E / T ) is defined as the azimuthal angle separation between the E / T and the jets.
The effective mass is defined as
It is obvious to see the effective mass characterizes the mass scale of SUSY particles directly produced by pp collisions. Large m ef f ∼ 1TeV is helpful to reduce the SM backgrounds such as W + jets, Z + jets, tt, and single top, but it also severely suppresses light stop/sbottom pair events with soft jets.
For each signal region, three m ef f cut conditions (denoted by "tight, medium and loose") are taken into account. In Table. I, the 95% C.L. observed upper limits N lim on the number of new physics events given by the experimental collaboration are also listed [25] . For comparison, we show the ratio of predicted event number N to upper limit N lim in Fig. 10 where the color scale denotes the LSP mass. 4 Here we have summed the signatures of the We also check the constraints from ATLAS jets+MET research based on 1 fb −1 of data [93] . In this analysis, the m ef f cut is required to be O(100) GeV. Considering that the huge SM backgrounds prevent us from setting a better constraint to stop/sbottom mass, we find the N/N lim is much lower, e.g. <O(10 −1 ). The second constraint that will be considered here is from the associated monojet production. As is well known, when the dark matter particles are directly produced by pp collisions, one possible search channel is the monojet + MET [94] . The monojet is produced by the initial state radiation and can be energetic. If the stop is nearly degenerate with the LSP, the soft jets from the stop decay might not be reconstructed by the detectors. In this case, the stop productionttj can be constrained by monojet + MET research [29, 30, 95] .
The cut conditions and upper limits given by CMS are summarized in Table. II [96] . This analysis is based on 4.98 fb −1 of data, and all the events with isolated electrons or muons are rejected.
In Fig. 11 , we show the ratio N/N lim with both the E / > 350 GeV and E / > 400 GeV cases. For these large E / T cut conditions, the jet from the initial state radiation is required to be very energetic p The color scale indicates neutralino mass.
Constraints for the final states with b-jets
In this subsection, we explore the impact of b-jets+MET searches on stop/sbottom pair production signatures. The identification of a b-jet is helpful to reduce the huge QCD backgrounds. In this case, the dominated SM backgrounds are the top pair production and associated production of W/Z with heavy flavor jets. The dibosons production W W , ZZ and W Z are sub-dominated due to a smaller electro-weak cross section.
As discussed in Ref. [6] , the "naturalness" of SM-like Higgs mass suggests a light stop ≤ 700 GeV and a not very heavy gluino ∼ 1 TeV in the SUSY model. In this case, the gluino pair production has a moderate cross section, and the cascade decay productions would contain many top and bottom quarks. For example, the typical SUSY search channels aregg → tttt * → tttt + MET orgg → bbbb * → bbbb + MET . The multi-b jets in the final states are very powerful to suppress the SM backgrounds. Therefore, the LHC has strong capability to test or exclude such scenario.
In this work, we assume the gluino is very heavy > 1.5 TeV. Therefore, the main production signatures are pp →t 1t * 1 and pp →b 1b * 1 . For the light sbottom pair production, the b-jets+MET search can constrain the channelbb → bb + MET if the ∆mb = mb − mχ0 1 is large enough (say larger than 50 GeV). For the stop pair production, if the dominated stop decay mode ist → bWχ ort → tχ → bWχ, the b-jets in final states are less energetic. To pass the p T cut on the leading b-jet, the ∆mt = mt − mχ0 1 is required to be large, and the detectable capability is lower than that of the sbottom pair. Here we point out that if the chargino is light and the light stop has a large left-handed component then thet → bχ
can become significant. In particular, if the chargino mass is nearly degenerate with the LSP which can be used to obtain the required DM relic density through the coannihilation mechanism, the kinematics oft → bχ + 1 is very similar to theb → bχ 0 1 . In this case, the b-jets+MET search is also useful to test or exclude stop pair signatures. This feature is also addressed in the first benchmark point in Ref. [97] . First, we consider the ATLAS 2b-jets+MET search based on 2.05 fb −1 of data [98] .
This search is optimized for sbottom pair production with the sbottom branching ratio of
The corresponding cut conditions and limits are summarized in Table. III. In this analysis, the number of jets with p t > 50 GeV is required to be exactly two. No m ef f cut is imposed because the sbottom should be light to provide large production cross section. A boost-corrected contransverse mass m CT is introduced as [99] Moreover, we show the ratios N/N lim only for stop pair production in Fig. 13 where the color scale indicates the mass of charginoχ + 1 . It is noticed that even if the sbottom is very heavy, the 2b jets search can be useful to put constraints on stop pair production. This can occur for the points with significant decay mode BR(t → bχ ). For both cases, the constraints from this search become weaker or even invalid. Next, we consider the ATLAS b-jets+MET search based on 2.05 fb −1 of data [100] . In this analysis, the number of b-jets is required to be at least one or two. Moreover, two signal regions allow one lepton in the final states. This search can be supposed to constrain the the signal pp →t 1t * 1 . The corresponding cut conditions and limits are summarized in Table. IV.
The ratios N/N lim from the two most stringent channels SR0B2 and SR0C2 are shown in Fig. 14. We can see even these channels require a large m ef f cut as m ef f > 700 − 900 GeV, they can still exclude many parameter points. It is remarkable that the channel SR0B2 (SR0C2)
can exclude signals with maximum mt 1 up to 380 GeV(480 GeV). The constraints from 1b-jet+MET signal regions are weaker than 2b-jets+MET due to the large backgrounds.
The lepton + b-jets + MET in the same analysis also cannot achieve better constraints and is omitted here.
Requirements p The capital "L" and "T" mean "loose" and "tight", respectively. Table. V. In this analysis, H T defined as the scalar sum of momenta of all the energetic jets are used to set cut conditions. ∆φ norm is the normalized azimuthal separation between the E / direction and jets. The collaboration
has not yet provided limits on the number of new physics explicitly. Here we use the formula given in Ref. [94] to roughly estimate the upper limits,
where N obs is the number of observed events, N BSM and N SM are the numbers of predicted beyond standard model (BSM) events and SM backgrounds, respectively, and σ SM is the uncertainty due to statistic and systematic reasons. Requiring can reach to ∼ 400 GeV. Since the semileptonic mode of pp →t 1t * based on 4.7 fb −1 of data [102] . 5 The corresponding cut conditions and limits are summarized in Table. (VI). It requires that the number of isolated lepton is exactly one. Obviously, this analysis is optimized for searching stop pair production with decay modet → tχ 0 1 . One top from stop decay is required to decay hadronically and the other semileptonically. m T is the transverse mass defined as
m T denotes the mass scale of mother particles which decay into charged leptons, and m T cut can be used to reduce W + jets backgrounds. To suppress the backgrounds from dileptonically decaying top pair, a specific cut on three-jet invariant mass m jjj is required. Two jets with m jj > 60 GeV and smallest ∆R are assumed to be originated from a hadronically decaying W boson, and a third jet which is closest to the reconstructed W boson is selected.
These three jets may be the decay products of a hadronically decaying top, and the invariant mass m jjj is required to be around top mass 130 GeV< m jjj < 205 GeV.
The ratio N/N lim is shown in Fig. 16 . It is obvious that this channel is sensitive to the mass range of stops from 270 GeV to 400 GeV when the main decay mode of the stops can bet → tχ 0 1 . On the other hand, for the parameter points with heavy stops > 400 GeV and 5 The ATLAS analysis of 0 lepton+b-jets+MET in Ref. [103] is also optimized for stop pair production with decay modet → tχ 0 1 , while tops are assumed to decay hadronically. The constraints from this channel are weaker than the semileptonic channel over most of the parameter space.
light LSPs < 150 GeV in our scan, the main decay modes of stopst → tχ 0 2 ,t → tχ 0 3 or t → bχ + 2 are open. In this case, although the mass difference between the stop and LSP is large, the limits become weaker due to the absence of energetic top quarks in the final states. From Fig. 16 we can also see the constraints from signal region B are stronger than region E due to the smaller E / cut condition. In Fig. 17 , we summarize the most stringent bounds from direct SUSY searches for both stop and sbottom pair productions. It is observed that for the stop pair production, the (W * , Z * means off-shell gauge bosons) can be sizable when luminosity is large enough.
For the first benchmark point, theχ It is also remarkable that due to the fact that the lighter sbottom quarks are dominantly left-handed, its dominant decay mode is consequentlyb 1 → tχ with branching fractions 15.0% and 10.5%. For the sbottom, the decay chains also become quite long. It might be more challenging to exclude or discover this benchmark point.
For comparison, we tested the benchmark point 3 given in [13] and found it is still alive.
The main decay modes of light stops in this point aret 1 → tχ with large branching fractions, respectively. We also tested the benchmark points given in [12] and found that they are not excluded by the LHC direct SUSY searches. The main decay modes of light stops in these two benchmark points aret 1 → tχ 0 1 andt 1 → bχ + 1 with branching fractions 23% and 56% (20% and 68%). In these benchmark points, compared with the MSSM case, the branching fractions ofb 1 → bχ 0 1 andt 1 → tχ 0 1 can be suppressed drastically ifχ 0 1 is singlino dominant. Such a fact leads to weaker constraints when we apply the LHC direct searches to parameter spaces with lighter stops and sbottoms.
IV. CONCLUSIONS
The NMSSM provides a natural framework for the recently discovered 125 GeV Higgs boson. Within the NMSSM, we have analyzed the constraints from the 125 GeV Higgs boson as well as the results from the dark matter searches to the parameter space. We concentrate on the LHC direct SUSY searches on the allowed parameter points.
We have focused on a scenario where the stop/sbottom can be lighter than 500 GeV and performed a detailed study to examine how the SUSY direct search can constrain them by using the results based on √ s =7 TeV and 2 ∼ 5 fb −1 of data. It is found that the direct SUSY searches, especially the channels with tagged b jets, are powerful and can put bounds to the allowed parameter space.
We would like to point out that when the inclusive signatures of both stop and sbottom pair productions are considered, the direct SUSY searches can exclude many parameter points with the left-handed stop/sbottom up to 500 GeV or so. With √ s =8 TeV and 5 fb −1 of data or more, although the kinematics could be a little different, we can expect the direct SUSY searches will push the light third generation squarks of NMSSM to narrower corners. However, for the benchmark points given in our work and Refs. [12, 13] , special strategies and kinematic variables are still needed for searching light stop/sbottom pair signatures.
